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(54) Method for producing aspherical structure, and aspherical lens array molding tool and 
aspherical lens array produced by the same method 



(57) A method for producing an aspherical structure 
according to the invention includes the steps of: forming 
a layer on a surface of a substrate so that the layer ex- 
hibits an etching rate distribution in a direction perpen- 
dicular to the surface of the substrate; forming a mask 
having a predetermined opening shape on the surface 



of the layer; and etching the layer to thereby form at least 
one aspherical concave portion. When each concave 
portion is used as a molding tool so that a resin with 
which the concave portion is filled is solidified and re- 
moved from the concave portion, an aspherical lens ar- 
ray can be formed accurately. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention reiates to an aspherical 
structure, and particularly to a method for producing an 
aspherical tens in the optical field. 
[0002] In the field of optical communication, improve- 
ment in speed and grade of optical signal processing 
has been demanded with the advance of increase in 
communication capacity. Optical elements need to be 
arrayed for parallel processing of optical signals so that 
optical coupling between the optical elements can be 
made with higher efficiency. A lens array is an optical 
element which fulfills an important role in such optical 
coupling. 

[0003] For example, after divergent light rays emitted 
from a light source, an optical fiber end surface, or the 
like, are converted into parallel light rays and subjected 
to signal processing by an optically functional device, a 
pair of collimator lenses are used for converging and 
coupling the light rays to a photo detector, an optical fib- 
er end surface, or the like. The distance between the 
collimator lenses maybe required to be increased in ac- 
cordance with the optically functional device inserted in 
between the collimator lenses. In this case, it is neces- 
sary to enlarge the aperture of each lens. When each 
lens is a spherical lens made of a homogeneous mate- 
rial, it is however impossible to make the inter-lens dis- 
tance larger than a certain value because aberration is 
inevitably produced with respect to light rays divergent 
from the optical axis. 

[0004] An aspherical lens is used for solving this prob- 
lem. When the surface shape of the lens is designed 
appropriately, aberration in the peripheral portion of the 
lens can be corrected. Such an aspherical lens is gen- 
erally mass-produced by press molding using a molding 
tool formed by precision machining. Therefore, a mold- 
ing tool producing technique is very important for pro- 
duction of the aspherical lens. 

[0005] If a lens arraymolding tool is produced by ma- 
chining, however, a cutter abrades. Hence, in the case 
of a lens array constituted by a large number of lens el- 
ements, there is a problem that the size of the molding 
tool varies in accordance with the respective lens ele- 
ments. This problem can be solved when the molding 
tool is produced by etching. It is however difficult to form 
a molding tool for an aspherical structure because noth- 
ing but a spherical surface can be processed as long as 
the material of the molding tool is a homogeneous iso- 
tropic material. 

[0006] The invention is developed to solve the prob- 
lem and an object of the invention is to provide a method 
for producing an aspherical structure such as an aspher- 
ical lens array in which uniform lens elements can be 
formed. 



SUMMARY OF THE INVENTION 

[0007] The method of producing an aspherical struc- 
ture according to the invention includes: 

5 

the step (1 ) of forming a layer on a surface of a pla- 
nar substrate so that the layer exhibits an etching 
rate distribution in a direction perpendicular to the 
surface of the planar substrate with respect to pre- 
10 determined etching means; 

the step (2) of forming a mask having a predeter- 
mined opening shape on a surface of the layer 
formed by the step (1 ) and exhibiting an etching rate 
distribution; 

is the step (3) of etching the layer exhibits an etching 
rate distribution through the mask formed by the 
step (2) for a predetermined time by the predeter- 
mined etching means to thereby form at least one 
concave portion; 

20 the step (4) of filling the concave portion with a fluid 
substance and solidifying the fluid substance; and 
the step (5) of removing the solidified substance 
from the concave portion. 

25 [0008] In the producing method, the etching rate dis- 
tribution is preferably a continuous distribution but may 
be a stepped distribution. 

[0009] Incidentally, the method may be terminated at 
the step (3) or (4) in accordance with the purpose. 

30 [001 0] When the method is terminated at the step (3) 
in the condition that the mask has a plurality of circular 
openings as the opening shape, an aspherical lens ar- 
ray molding tool can be formed. 
[0011] When the aspherical structure produced by 

35 use of a transparent layer exhibiting an etching rate dis- 
tribution is filled with a transparent fluid substance, that 
is, when the method is terminated at the step (4), an 
aspherical lens array can be formed. 
[001 2] When the aspherical lens array molding tool is 

40 filled with a transparent fluid substance and then the flu- 
id substance is solidified and removed from the molding 
tool, that is, when the method is terminated at the final 
step (5), an aspherical lens array can be also formed. 
[0013] The invention further provides the followings: 

45 An aspherical lens molding tool is produced by forming 
a homogeneous layer on a surface of a substrate, the 
layer being different in etching rate from the substrate; 
forming a mask on the layer, the mask having an open- 
ing shape; etching the layer and the substrate through 

50 the mask for a predetermined time; removing the mask; 
and etching the layer and the substrate again to remove 
at least the layer and form a concave portion. 
[0014] In addition, since etching is carried out again 
to remove the layer as described above, the obtained 

55 aspherical lens molding tool is made from the material 
of the substrate. It is therefore unnecessary to take into 
consideration the chemical reaction or the wettability be- 
tween the material of the layer and a material to be filled 
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with at the time of molding. Further, it is also unneces- 
sary to take into consideration the difference in adsorp- 
tion between the substrate and the layer at the time of 
molding an aspherical lens. 

[001 5] A material higher in etching rate than the sub- 
strate is selected as the material for forming the layer. 
[001 6] The upper limit of the range that the thickness 
of the layer can take is 1 ,000 jim, and the lower limit 
thereof is 1 urn. Preferably, the upper limit of the range 
is 500 ujti, and the lower limit thereof is 1 0 uxn. More 
preferably, the upper limit of the range is 300 ujti, and 
the lower limit thereof is 20 ^m. 
[0017] The concave portion of the aspherical lens 
molding tool is set to have a shape in which the depth 
of the deepest portion of the concave portion is smaller 
than 1/2 of the width of the concave portion. In addition, 
the concave portion is set to have a curvature radius 
larger in a portion closer to an end portion of the concave 
portion. 

[0018] With such a configuration, in a lens obtained 
by the lens molding tool, the lens thickness is smaller 
than the lens radius, and the curvature radius in the pe- 
ripheral portion of the lens is larger than that in the vertex 
portion of the lens. That is, it is possible to produce a 
lens having a small spherical aberration. 
[0019] After the concave portion is formed, a fluid sub- 
stance with which the concave portion is filled is solidi- 
fied to form an aspherical lens. 
[0020] Alternatively, after the concave portion is 
formed, a fluid substance with which the concave por- 
tion is filled is solidified, and the solidified substance is 
removed from the concave portion so as to form an as- 
pherical lens. 

[0021] An aspherical lens array may be obtained 
when an aspherical lens array molding tool provided 
with a plurality of concave portions is filled with a trans- 
parent resin higher in refractive index than the molding 
tool, and the filled resin is solidified. 
[0022] An aspherical lens array may be obtained 
when an aspherical lens array molding tool provided 
with a plurality of concave portions is filled with a trans- 
parent resin higher in refractive index than the air, and 
the filled resin is solidified and then removed from the 
molding tool. 

[0023] The present disclosure relates to the subject- 
matter contained in Japanese patent application Nos. 
2002-009395 (filed on January 18, 2002) and 
2002-87039 (filed on March 26, 2002), which are ex- 
pressly incorporated herein by reference in their entire- 
ties. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

Fig. 1 is a graph showing etching characteristic of 
a fluoridated Si0 2 film with an aqueous solution of 
hydrofluoric acid. 



Fig. 2 is a graph for explaining the definition of the 
surface shape of a lens. 

Fig. 3 is a schematic view showing an optical sys- 
tem of a collimator according to an embodiment of 

5 the invention. 

Fig. 4 is a graph showing an aspherical shape 
based on a design example of the invention. 
Figs. 5 A to 5H are views showing an example of the 
process for producing a lens array according to the 

io invention. 

Fig. 6 is a graph showing the etching rate distribu- 
tion of the fluoridated Si0 2 film in the embodiment 
of the invention. 

Fig. 7 is a typical view showing a concave shape 
is formed in the embodiment of the invention. 

Figs. 8A to 8F are views showing another example 
of the process for producing a lens array according 
to the invention. 

Figs. 9A to 9E are sectional views for explaining a 
20 method of producing an aspherical lens molding 
tool according to a fourth embodiment of the inven- 
tion. 

Fig. 10 is a sectional view of the aspherical lens 
molding tool according to the fourth embodiment. 
25 Fig. 11 is a graph showing the etching rate ratio of 
the fluoridated Si0 2 film to a silica glass substrate 
for each concentration of the aqueous solution of 
hydrofluoric acid. 

Figs. 12A and 12B are sectional views for explain- 
ed ing a method of producing an aspherical lens array 
molding tool according to the fourth embodiment. 
Figs. 13A to 13C are sectional views for explaining 
a method of producing an aspherical lens array ac- 
cording to the fourth embodiment. 
35 Figs. 1 4A to 1 4D are sectional views for explaining 
a method of producing an aspherical lens array ac- 
cording to the fourth embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

40 

[0025] A method for producing an optical communi- 
cation collimator array using an aspherical lens array will 
be described below as an embodiment of the invention. 
[0026] Although a molding tool of a resin is generally 

45 produced by precision machining, processing by chem- 
ical or physical etching is conceivable as another meth- 
od for producing a molding tool. In practice, a glass 
molding tool for a resin lens is produced by etching. 
[0027] When, for example, silica glass is etched with 

so a hydrofluoric acid-based etching solution in the condi- 
tion that a mask having a circular opening is formed on 
a surface of the silica glass, a hemispherical concave 
portion can be formed in the surface of the silica glass. 
Because the opening portion of the mask can be pro- 

55 duced accurately by a photolithography technique, the 
problem of variation in dimension due to machining can 
be solved. 

[0028] The surface obtained by the etching, however, 



4 



5 



EP 1 329 432 A1 



6 



comes close to a spherical surface because the silica 
glass is etched isotropically. Hence, it is impossible to 
obtain an aspherical surface adapted to correction of ab- 
erration. An important point of the invention is that a sub- 
stance exhibiting an etching rate distribution in a direc- 
tion of the depth of the substrate is used as a substance 
to be etched because the aspherical surface can be 
formed by etching. 

[0029] An example of the method for forming a sub- 
stance exhibiting an etching rate distribution will be de- 
scribed. An Si0 2 thin film can be formed by a chemical 
vapor deposition (CVD) method. It is known that the 
etching rate of the film with a hydrofluoric acid-based 
etching solution changes when fluorine (F) is added into 
the film (see WO02/06560A1 ). Fluorine (F) can be add- 
ed into the Si0 2 film when CF 4 gas is mixed during the 
formation of the Si0 2 film. The amount of fluorine (F) 
added into the Si0 2 film can be changed when the flow 
rate of the CF 4 gas is changed. 
[0030] Fig. 1 shows the relation between the flow rate 
of CF 4 and the etching rate of the Si0 2 film with an aque- 
ous solution of 5 % hydrofluoric acid. It is found that the 
etching rate changes by about three times when the flow 
rate of CF 4 is changed in a range of from 0 to 60 X 1 0 -3 
l/min. 

[0031] When the flow rate of CF 4 is controlled to be 
changed on the basis of this result while the Si0 2 film is 
grown by the CVD method, a fluoridated (F-added) Si0 2 
layer in which the etching rate with hydrofluoric acid 
changes continuously can be formed. It is a matter of 
course that if a plurality of films different in the amount 
of F added are laminated in the condition that each film 
is formed at a constant flow rate of CF 4 so that a con- 
stant amount of F is added into the film, an Si0 2 film in 
which the etching rate changes stepwise can be formed. 
[0032] Next, production of an aspherical lens array 
used as a collimator lens array will be described. 

[Example of Lens Design] 

[0033] The aspherical shape of an aspherical lens is 
generally given by the following expression: 

Z = Cr 2 /{1 + (t - C 2 r 2 ) i/2 } + AD-r 4 + AE r 6 

in which r is the radial distance from the center of the 
lens, and Z is the Sagitta (sagittal distance), that is, the 
distance taken in the direction of the optical axis from 
the apex of the lens to the position r of the lens surface 
as shown in Fig. 2. Assuming that R D is the curvature 
radius of the lens on the optical axis, then the relation 
C = 1/R D is obtained and AD, AE, ... are high-order co- 
efficients. When all the high-order coefficients AD, 
AE, ... are zero, Z given by only the first term of the right 
side in the aforementioned expression shows a spheri- 
cal surface. 

[0034] This design example is provided on the as- 



sumption that a lens 2 of a resin having a refractive index 
of 1 .41 is formed on a 1 .0 mm-thick silica glass substrate 
1 (having a refractive index of 1 .457) as shown in Fig. 
3. Assuming that the diameter of incident light flux 3 is 
5 0.99 mm and that high-order terms up to the sixth-order 
term are considered, then it is reasonable that the fol- 
lowing equations are satisfied in order to obtain the high- 
est coupling efficiency as a collimator. 

10 

R D = 1.0619 mm 



AD = -0.05665 mm" J 

15 

AE = -0.0526 mm" 5 

This aspherical shape is shown in Fig. 4 in comparison 
20 with the case for the spherical shape (AD = AE = 0). 
Incidentally, in this design example, the lens thickness 
is 0.122 mm. 

[First Embodiment] 

25 

[0035] Figs. 5A to 5H show a process for producing a 
lens array. 

[0036] While the amount of F added is controlled, an 
Si0 2 layer 20 is formed on a silica glass substrate 1 0 so 

30 that the total thickness of the Si0 2 layer 20 is 200 urn 
(Fig. 5A). Fig. 6 shows the etching rate distribution due 
to etching with an aqueous solution of 5 % hydrofluoric 
acid in a direction of the depth of the layer. 
[0037] A Cr film 30 is formed on a surface of the Si0 2 

35 layer and a plurality of circular openings 32 each with 
an opening diameter of 5 u.m are formed like intersec- 
tions of a grid by photolithography (Fig. 5B). Incidentally, 
Fig. 5B shows only one opening for the sake of simpli- 
fication. While the Cr layer is used as a mask, the Si0 2 

40 layer is etched with an aqueous solution of hydrofluoric 
acid (Fig. 5C). As a result, concave portions 22 each 
having a sectional shape as shown in Fig. 5D are 
formed. Because the lens thickness is defined by the 
aforementioned lens design, the whole of the Si0 2 layer 

45 may be etched again after the removal of the Cr layer 
(Fig. 5D) as occasion demands. The depth of each con- 
cave portion is therefore adjusted so that the lens thick- 
ness becomes a defined value (Fig. 5E). If it is unnec- 
essary to adjust the lens thickness, this step may be 

50 omitted. 

[0038] Then , the concave portions 24 formed thus are 
used as a lens molding tool 50 for producing an aspher- 
ical lens array by molding. 

[0039] After a releasant is applied to the concave por- 
55 tions 24 of the molding tool 50 produced thus, the con- 
cave portions 24 are filled with an ultraviolet-curable res- 
in 40 which will exhibit a refractive index of 1 .41 after 
curing (Fig. 5F). Then, a 1 .0 mm-thick silica glass sub- 
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strate 12 is pressed against the molding tool 50 from 
above (Fig. 5G). In this condition, the resin 40 is irradi- 
ated with ultraviolet rays. After the resin 40 is cured, the 
resin 40 is released from the molding tool 50 (Fig. 5H). 
By the aforementioned steps, a lens array 60 constituted 
by lenses each substantially having an asp h erica I shape 
can be formed. 

[0040] The aspherical lenses obtained thus are used 
for forming collimators in order to evaluate the charac- 
teristic thereof as follows. A pair of collimators each con- 
stituted by a single mode optical fiber and the produced 
aspherical lens are disposed so that the optical axes of 
the optical fibers coincide with each other. The pair of 
collimators are adjusted so that collimated light rays 
propagate between the two aspherical lenses. When in- 
sertion loss between the optical fibers is evaluated in 
this condition, a sufficiently small value of about 0.2 dB 
is obtained. 

[Second Embodiment] 

[0041] Although the first embodiment has been de- 
scribed on the case where the amount of F added is con- 
trolled continuously, the amount of F added may be con- 
trolled stepwise. Twenty points are taken at regular in- 
tervals in the thicknesswise direction on the distribution 
curve in Fig. 6. An amount of F corresponding to each 
of the points is added to an Si0 2 layer. Twenty fluoridat- 
ed Si0 2 layers formed in this manner and each having 
a thickness of 1 0 um are laminated. 
[0042] When the laminated layer is etched in the 
same manner as in the first embodiment, an aspherical 
lens array can be also formed. The number of layers to 
be laminated is not limited to the aforementioned 
number. 

[Third Embodiment] 

[0043] The film-forming method according to the sec- 
ond embodiment in which the amount of F added is con- 
trolled delicately and stepwise is slightly complex be- 
cause a precision flow rate controller is required. A 
method simplified so that the number of layers to be lam- 
inated is reduced will be described. 
[0044] Figs. 8A to 8F show a method for forming one 
or two homogeneous layers. After an additive-free Si0 2 
layer 26 is formed on a silica glass substrate 1 0, a pre- 
determined amount of F is added into an Si0 2 layer to 
form a fluoridated Si0 2 layer 28 (Fig. 8A). Alternatively, 
the additive-free Si0 2 layer 26 may be omitted so that 
only one fluoridated Si0 2 layer 28 is formed directly on 
the silica glass substrate 10. Generally, because an 
Si0 2 layer formed by the CVD method is higher in etch- 
ing rate with hydrofluoric acid than a silica glass sub- 
strate, an appropriate etching rate may be sometimes 
obtained in the case where an additive-free Si0 2 layer 
is formed on a silica glass substrate by the CVD method. 
[0045] A Cr layer 30 is formed on a surface of the fluor- 



idated Si0 2 layer 28 and a plurality of circular openings 
32 each having an opening diameter of 5 jim are formed 
like intersections of a grid by photolithography (Fig. 8B). 
While the Cr layer is used as a mask, the fluoridated 

5 Si0 2 layer 28 is etched with an aqueous solution of hy- 
drofluoric acid (Fig. 8C). Etching is performed so that 
the resulting hole pierces the fluoridated Si0 2 layer 28 
and reaches the additive-free Si0 2 layer 26 located un- 
der the fluoridated Si0 2 layer 28 (Fig. 8D). Then, after 

10 the Cr mask is removed, the whole of the surface is 
etched again so that the whole of the fluoridated Si0 2 
layer 28 formed by the CVD method is removed (Fig. 
8 E). On this occasion, the depth of each concave portion 
25 is adjusted so that the lens thickness becomes a de- 

15 fined value. 

[0046] Though not shown, a lens array is molded in 
the same manner as in the first or second embodiment. 
[0047] When the thickness of the fluoridated Si0 2 lay- 
er is set at 200 jim and the etching rate of the fluoridated 

20 Si0 2 layer is set at 1 .7 times as high as that of the ad- 
ditive-free Si0 2 layer, concave portions each having a 
shape approximately close to the design value are ob- 
tained. Also in the case where the thickness of the fluor- 
idated Si0 2 layer is set at 100 u.m and the etching rate 

25 of the fluoridated Si0 2 layer is set at 2 times as high as 
that of the additive-free Si0 2 layer or in the case where 
the thickness of the fluoridated Si0 2 layer is set at 30 
urn and the etching rate of the fluoridated Si0 2 layer is 
set at 2.5 times as high as that of the additive-free Si0 2 

30 layer, concave portions each having a shape similar to 
the aforementioned shape are obtained. 
[0048] Aspherical lenses obtained by using the con- 
cave portions as a molding tool are used for forming a 
collimator optical system in the same manner as in the 

35 first embodiment. When insertion loss of the collimator 
optical system is evaluated, a value of about 0.3 dB 
which can stand comparison with the value obtained in 
the first embodiment is obtained. 
[0049] Although the embodiments have been de- 

40 scribed on the case where an Si0 2 layer exhibiting an 
etching rate distribution is formed by a CVD method, the 
film-forming method is not limited thereto. For example, 
a vacuum vapor deposition method, or a high-density 
plasma assist vapor deposition method may be used. 

45 [0050] Although the embodiments have been de- 
scribed on the case where the change of the etching 
rate of a fluoridated Si0 2 film due to etching with an 
aqueous solution of hydrofluoric acid is utilized, the pro- 
ducing method according to the invention is not limited 

50 thereto. Various etching means are provided in accord- 
ance with materials to be etched. Besides the liquid- 
phase etching means, reactive ion etching means or 
chemical or physical etching means such as laser abla- 
tion performed in gas phase may be used. If materials 

55 different in etching rate with respect to these etching 
means are used, the same processing as described 
above can be made. 

[0051] Although the embodiments have been de- 
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scribed on the case where concave portions formed by 
etching are used as a molding tool for forming resin con- 
vex lenses on a substrate, the form of each lens is not 
limited thereto. Because all the processed Si0 2 materi- 
als are transparent, the concave portions filled with a 
high-refractive-index resin may be used directly so as 
to function as a convex lens array. Alternatively, each of 
the processed concave portions may be used directly 
as an aspherical concave lens. 
[0052] The aspherical structure which can be molded 
is not limited to a lens array but may be a single tens. 
The invention is, however, remarkably effective in simul- 
taneously producing a plurality of identical shapes com- 
pared with the related art. This is because variation in 
dimension in a large number of elements is caused by 
abrasion of a cutter if a molding tool constituted by the 
large number of elements is producedby related-art ma- 
chining but processing can be however carried out with 
considerable accuracy if a molding tool constituted by a 
single element is produced by related-art machining. 
[0053] If a reflecting film of a metal or the like is formed 
on each of the formed concave portions, an aspherical 
concave mirror can be formed as another product than 
the lens. Further, if the opening shape of the mask is not 
circular but stripe-like, groove-like concave portions can 
be formed. If the etching rate distribution is adjusted, the 
groove- like concave portions can be used as groove 
members each having a desired sectional shape. The 
groove members can be used for holding cylindrical op- 
tical components such as optical fibers. Further, con- 
cave portions each having a nearly elliptic sectional 
shape with a depth larger than a width, which were par- 
ticularly hardly produced in the related art, can be 
formed so that the surface shape of each concave por- 
tion becomes any shape such as a circular shape, or a 
groove shape. Such an aspherical structure is used ef- 
fectively for micro optical components, micro fluid ap- 
plied components, etc. Further, the groove-like concave 
portions may be used as a molding tool for forming len- 
ticular lenses each having a modified circular shape in 
section. 

[0054] When a layer exhibiting an etching rate distri- 
bution is etched through a mask, a molding tool for mold- 
ing an aspherical structure accurately or an aspherical 
structure itself can be formed. The invention is particu- 
larly effectively applied to molding of an aspherical lens 
array. 

[0055] In addition, although the layer exhibiting the 
etching rate distribution is formed on a substrate, and 
that layer is etched, the present invention should not be 
restricted thereto or thereby. For example, a layer hav- 
ing an etching rate different from an etching rate of a 
substrate may be formed on the substrate, and not only 
that layer but also the substrate may be etched. In this 
case, that layer and the substrate combined together 
form a layer exhibiting an etching rate distribution. 



[Fourth Embodiment] 

[0056] Figs . 9A to 9E are views for explaining a meth- 
od of producing an aspherical lens molding tool accord- 

5 ing to the invention in processing sequence. First, as 
shown in Fig. 9A, a homogenous layer 2 different in 
etching rate from a silica glass substrate 1 is formed on 
the surface of the silica glass substrate 1 . 
[0057] Fig. 11 shows the variation of the etching rate 

to ratio of the CVD film to the silica glass substrate in ac- 
cordance with the CF 4 flow rate for each concentration 
of the aqueous solution of hydrofluoric acid. It is under- 
stood that the etching rate ratio of the CVD film to the 
silica glass substrate can be varied also by changing the 

f5 concentration of the aqueous solution of hydrofluoric ac- 
id (HF) for use in etching. 

[0058] On the basis of this result, an Si0 2 film is 
formed in the CVD method with the CF 4 flow rate being 
constant and hence with the amount of F added being 
20 constant, while the concentration of the aqueous solu- 
tion of hydrofluoric acid is selected. Hence, an Si0 2 lay- 
er having a selected etching rate ratio to the substrate 
can be formed. 

[0059] For example, the layer 2 is formed in the CVD 

25 method so as to satisfy the following relationship. That 
is, the etching rate ratio of the layer 2 to the silica glass 
substrate 1 is 2.5 when the layer 2 having a thickness 
of 30 um is etched with an aqueous solution of 5 wt% 
hydrofluoric acid. The etching rate ratio of the layer 2 to 

30 the silica glass substrate 1 is 2.0 when the layer 2 having 
a thickness of 1 00 ujn is etched with an aqueous solu- 
tion of 20 wt% hydrofluoric acid. The etching rate ratio 
of the layer 2 to the silica glass substrate 1 is 1 .7 when 
the layer 2 having a thickness of 200 ujti is etched with 

35 an aqueous solution of 49 wt% hydrofluoric acid. 

[0060] As shown in Fig. 11, the etching rate ratio is 
not limited to that in this embodiment. The etching rate 
ratio is variable in a range of 1 .1 -1 1 .0, and the film thick- 
ness can be set in a range of 1-1 ,000 um. 

40 [0061] Incidentally, although the layer 2 is formed in 
the CVD method in this embodiment, an ion plating 
method or a vacuum deposition method may be used. 
[0062] Next, as shown in Fig. 9A, a Cr film is depos- 
ited, and a mask 3 made of Cr and having a circular 

45 opening with a diameter of 5 ujti is then formed in a pho- 
tolithography method. Although Cr is used as the mate- 
rial of the mask in this embodiment, a material using Tl, 
ITO or A1 as its base may be used. 
[0063] Next, wet etching is performed using an aque- 

50 ous solution of hydrofluoric acid. As shown in Fig. 9B, 
etching proceeds isotropically up to the interface be- 
tween the layer 2 and the silica glass substrate 1 . After 
that, when the etching has proceeded to reach the in- 
terface between the layer 2 and the silica glass sub- 

55 strate 1 , continuously anisotropic etching proceeds as 
shown in Fig. 9C because the etching rate in the silica 
glass substrate 1 is slower than that in the layer 2. When 
the mask is removed after the wet etching, a groove hav- 
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ing an aspherical portion is obtained as shown in Fig. 
9D. 

[0064] Next, wet etching with the aqueous solution of 
hydrofluoric acid is performed on the laminate of the sil- 
ica glass substrate 1 and the layer 2 again without form- 
ing any mask on the surface of the silica glass substrate 
1 in which the groove having an aspherical portion has 
been formed. This wet etching is continued till at least 
the layer 2 is removed completely. By performing etch- 
ing in two stages as described above, a concave portion 
1 A having a larger curvature radius than that when the 
first stage of etching has been finished can be formed 
(Fig. 9E) . The concave portion 1 A has a shape so that 
the depth of the deepest portion of the concave portion 
1 A is smaller than 1 (2 of the width of the concave portion 
1 A. In addition, since the layer 2 having a constant cur- 
vature is removed, the formed concave portion has an 
aspherical shape in which the curvature increases con- 
tinuously as the location goes farther toward an end por- 
tion of the concave portion, that is, the curvature be- 
comes larger at the point B1 or B2 than that at the point 
B2 or B3, as shown in Fig. 10. 

[0065] In addition, as shown in Fig. 12A, a mask 4 
(made of Cr) having a plurality of circular openings is 
formed, and two stages of etching are carried out in the 
aforementioned manner. Thus, an aspherical lens array 
molding tool 5 having a plurality of concave portions 5A 
is obtained as shown in Fig. 12B. 
[0066] An aspherical lens array molding tool 5 having 
a plurality of concave portions 5A is obtained thus as 
shown in Fig. 13A. Ultraviolet-curing type transparent 
epoxy-based resin 7 is dripped onto the aspherical lens 
array molding tool 5 as shown in Fig. 13B. Then, the 
aspherical lens array molding tool 5 is covered with a 
lens substrate 6 so as to be filled with the epoxy-based 
resin 7. The epoxy-based resin 7 is irradiated with ultra- 
violet rays so as to be cured. Thus, an aspherical lens 
array 8 like a flat plate can be formed as shown in Fig. 
13C. When epoxy-based resin having a higher refrac- 
tive index than that of the aspheric lens array molding 
tool 5 and that of the lens substrate 6 is selected as the 
epoxy-based resin 7, a lens effect can be obtained be- 
tween the epoxy-based resin 7 and the aspherical lens 
array molding tool 5. It is desired that epoxy-based resin 
whose refractive index is not lower than 1 .65 is used as 
the epoxy-based resin 7. 

[0067] A releasant 9 is applied to an aspherical lens 
array molding tool 5 obtained in the same manner and 
having a plurality of concave portions 5A as shown in 
Fig. 14A. Ultraviolet-curing type transparent epoxy- 
based resin 10 is dripped onto the aspherical lens array 
molding tool 5 as shown in Fig. 14B. Then, the aspher- 
ical lens array molding tool 5 is covered with a lens sub- 
strate 6 so as to be filled with the epoxy-based resin 10 
as shown in Fig. 14C. The epoxy-based resin 1 0 is irra- 
diated with ultraviolet rays so as to be cured. The plu- 
rality of concave portions 5A of the aspherical lens array 
molding tool 5 have been transferred to the epoxy- 



based resin 10. Thus, when the epoxy-based resin 10 
is released from the aspherical lens array molding tool 
5, an aspherical lens array 11 constituted by the epoxy- 
based resin 10 and the lens substrate 6 can be formed 
s as shown in Fig. 14D. 

[0068] It is desired that epoxy-based resin whose re- 
fractive index is higher than that of the air and equal to 
that of the lens substrate 6 is used as the epoxy-based 
resin 10. 

10 [0069] Although epoxy-based resin is used in this em- 
bodiment, acrylic-based resin may be used. In addition, 
the ultraviolet-curing type resin may be replaced by a 
thermosetting type or photo-curing type transparent ma- 
terial. 

15 [0070] In addition, although a mask having a circular 
opening is used in this embodiment, a mask having a 
rectangular opening in place of the circular opening may 
be used to form a concave portion which is aspheric in 
section. 

20 [0071] As described above, according to the inven- 
tion, a homogenous layer different in etching rate from 
a substrate is formed on the surface of the substrate, 
and wet etching is carried out on the laminate of the sub- 
strate and the layer by use of a mask. Thus, it is possible 

25 to form a molding tool having an aspherical concave por- 
tion and an aspherical lens array. 



1. A method of producing an aspherical structure, 
comprising the steps of: 

forming a layer on a surface of a planar sub- 
35 strate so that said layer exhibits an etching rate 

distribution in a direction perpendicular to said 
surface of said planar substrate with respect to 
predetermined etching means; 
forming a mask having a predetermined open- 
40 ing shape on a surface of said layer; and 

etching said layer through'said mask for a pre- 
determined time by said predetermined etching 
means to thereby form at least one concave 
portion. 

45 

2. A method of producing an aspherical structure, 
comprising the steps of: 

forming a layer on a surface of a planar sub- 
50 strate so that said layer exhibits an etching rate 

distribution in a direction perpendicular to said 
surface of said planar substrate with respect to 
predetermined etching means; 
forming a mask having a predetermined open- 
55 ing shape on a surface of said layer; 

etching said layer through said mask for a pre- 
determined time by said predetermined etching 
means to thereby form at least one concave 
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portion; and 

filling said concave portion with a fluid sub- 
stance and solidifying said fluid substance. 

3. A method of producing an aspherical structure, 
comprising the steps of: 

forming a layer on a surface of a planar sub- 
strate so that said layer exhibits an etching rate 
distribution in a direction perpendicular to said 
surface of said planar substrate with respect to 
predetermined etching means; 
forming a mask having a predetermined open- 
ing shape on a surface of said layer; 
etching said layer through said mask for a pre- 
determined time by said predetermined etching 
means to thereby form at least one concave 
portion; 

filling said concave portion with a fluid sub- 
stance and solidifying said fluid substance; and 
removing the solidified substance from said 
concave portion. 

4. Amethod of producing an aspherical structure ac- 
cording to any one of Claims 1 , 2 and 3, wherein 
said etching rate distribution is a continuous distri- 
bution. 

5. A method of producing an aspherical structure ac- 
cording to any one of Claims 1 , 2 and 3, wherein 
said etching rate distribution is a stepped distribu- 
tion. 

6. An aspherical lens array molding tool produced by 
a producing method according to Claim 1 , wherein: 

said mask has a plurality of circular openings 
as said opening shape of said mask; and 
said layer exhibiting an etching rate distribution 
is etched through said mask. 

7. An aspherical lens array produced by a producing 
method according to Claim 2, wherein: 



9. A product that can be used as a molding tool for 
forming an aspherical convex lens, or as an aspher- 
ical concave lens, comprising: 

5 a substrate; 

a layer on said substrate, the layer having a gra- 
dient etching rate distribution in which the rate 
of etching with a specific chemical substance 
changes from the outermost surface of the lay- 

10 er toward said substrate; 

at least one concave portion formed in said lay- 
er and recessed from the outermost surface to- 
ward said substrate, said concave portion hav- 
ing an aspherical surface. 

15 

10. The product according to claim 9, wherein said 
etching rate distribution is a continuous distribution. 

11. The product according to claim 9, wherein said 
20 etching rate distribution is a stepped distribution. 

1 2. The product according to claim 9, wherein said layer 
is mainly made of a glass material comprising Si0 2 
with fluorine as additive. 

25 

13. The product according to claim 12, wherein the ad- 
ditive amount of the fluorine changes from the out- 
ermost layer toward said substrate. 

30 1 4. The product according to claim 9, wherein the layer 
includes a single layer in which the etching rate 
changes continuously. 

15. The product according to claim 9, wherein the layer 
35 includes multiple layers, each having a respective 
constant etching rate, thereby providing a stepped 
etching rate distribution as a whole of the multiple 
layers. 

40 16. The product according to claim 9, wherein said at 
least one concave portion includes a plurality of the 
concave portions having the same shape and di- 
mension. 



said mask has a plurality of circular openings 45 
as said opening shape of said mask; and 
said layer exhibiting an etching rate distribution 
and said fluid substance are provided as trans- 
parent members. 

50 

8. An aspherical lens array produced by a producing 
method according to Claim 3, wherein: 

said mask has a plurality of circular openings 
as said opening shape of said mask; and 55 
said fluid substance is provided as a transpar- 
ent member. 



17. A method of producing an aspherical lens molding 
tool, comprising the steps of: 

forming a homogeneous layer on a surface of 
a substrate, said layer being different in etching 
rate from said substrate; 
forming a mask on said layer, said mask having 
an opening shape; 

etching said layer and said substrate through 
said mask; 

removing said mask; and 

etching said layer and said substrate again to 

remove at least said layer and form a concave 

portion. 
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18. A method of producing an aspherical lens molding 
tool according to Claim 1 7, wherein a material high- 
er in etching rate than said substrate is selected as 
a material for forming said layer. 

5 

19. A method of producing an aspherical lens molding 
tool according to Claim 1 7, wherein a ratio of etch- 
ing rate of said layer to etching rate of said substrate 
is 1.1-11.0. 

10 

20. An aspherical lens molding tool produced by a 
method of producing an aspherical lens molding 
tool according to any one of Claims 1 7 to 1 9. 

21 . An aspherical lens molding tool according to Claim w 
20, wherein said concave portion has a shape in 
which depth of a deepest portion of said concave 
portion is smaller than 1/2 of width of said concave 
portion. 

20 

22. An aspherical lens molding tool according to Claim 
20, wherein said concave portion has a shape hav- 
ing a curvature radius larger in a portion closer to 
an end portion of said concave portion. 

25 

23. A method of producing an aspherical lens, compris- 
ing the step of: 



ing an aspherical lens according to Claim 24, 
wherein said fluid substance to be solidified is a 
transparent resin having a higher refractive index 
than that of the air. 

28. A method of producing an aspherical structure, 
comprising the steps of: 

providing a first layer having a first etching rate; 
providing a second layer on the first layer, the 
second layer having a second etching rate dif- 
ferent from the first etching rate; 
etching the first layer to expose a part of the 
second layer; and 

further etching the first layer and the second 
layer to form an aspherical concave portion. 

29. A method of claim 28, wherein the step of providing 
the first layer includes forming the first layer on a 
substrate. 

30. A method of claim 28, wherein the step of providing 
the first layer includes providing a substrate as the 
first layer. 



filling a concave portion of an aspherical lens 
molding tool according to any one of Claims 20 30 
to 22 with a fluid substance, and solidifying said 
fluid substance. 

24. A method of producing an aspherical lens, compris- 
ing the steps of: 35 



filling a concave portion of an aspherical lens 
molding tool according to any one of Claims 20 
to 22 with a fluid substance, and solidifying said 
fluid substance; and 40 
removing said solidified substance from said 
concave portion 



25. An aspherical lens array molding tool comprising an 
aspherical lens molding tool according to any one 45 
of Claims 20 to 22, said molding tool being provided 
with a plurality of concave portions similar to said 
concave portion. 



26. An aspherical lens array comprising a plurality of so 
aspherical lenses produced by a method of produc- 
ing an aspherical lens according to Claim 23, 
wherein said fluid substance to be solidified is a 
transparent resin having a higher refractive index 
than that of said molding tool. 55 



27. An aspherical lens array comprising a plurality of 
aspherical lenses produced by a method of produc- 
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